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The genus Grewia (Famy. Tiliacez) was established by Linnaeus in ~ 
1737 in honour of Nehemia Grew, an English Physician and Plant ana- ~ 
‘tomist. In 1804, A. L. Jussieu published the first monograph on Grewia ; 
it has also been critically studied by W. Roxburgh (1814 & 1832), A. P. 
de Candolle (1824), F. Gagnepain (1911), J. R. Drummond (1911 & 
1915), M. Burret (1910, etc.), and many others. Still our knowledge — 
of the Indo-Burmese species of Grewia is far from perfect, being mostly 
confined to the descriptions in the Flora of British India, Vol. I, (1872-75) 
and to the diagnostic keys given in some of the more recent provincial 
floras. These works have neither solved the confusion regarding the 
synonymy of the species, nor defined unambiguously their specific limits. 
Collation of the latest critical works on the genus with the Indian and other 
materials at our disposal has only confirmed our doubts and justified 
a thorough and critical revision of the genus after a careful examination 
of the entire collections of the Herbaria of Calcutta, Dehra-Dun, Coim- 
batore and Shillong. — ” 


The following table I and the map (Fig. 1) show that the 
genus Grewia is confined to the tropical and subtropical regions of the 
old World, nately, Trop. Africa, Madagascar, Arabia, India, Burma, 
Ceylon, Andamans and Nicobars, Malayan Peninsula and East Indies 
(Java, Sumatra, Borneo, Phillippine islands and Formosa), Siam, Indo- 
& Cochin-China, China, Pacific islands (New Guinea, New Hebrides, 
Fiji islands and New Caledonia) and North Australia. It is absent from 
the New World. Of these countries, Africa has the largest number of 
Species as 110, and India and Burma have 45 species. From the table 
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No. of species 


II, it is evident that the genus is fairly represented throughout India and 
Burma. A few species like G. tenax (Forsk.) Aschers. and Schwf. and 
G. damine. Gaertn., grow in the dry regions of Sind, Rajaputana and 
Baluchistan, while species like G. rothii DC., G. tiliifolia Vahl, G. hirsuta 
Vahl, besides others, occur in the arid regions of the Deccan. G. optiva 
J. R. Drumm. grows in the subtropical belt of the Himalayas. Many 
species are also found growing in the different -altitudinal regions of 
India and Burma, the highest limit being about 4,000 ft. It is very 
interesting to note that certain species like G. sclerophylla Roxb., G. 
polygama Roxb. and G. viminea Wall. are mainly restricted to North 
India and Burma ; certain other species like G. oppositifolia Buch. ex 
DC., G. rhamnifolia Heyne ex Roth, G. barberi J.R. Drumm., G. gamblei 
J.R. Drumm. and many others appear endemic to Peninsular India. 
G. umbellata Roxb., G. macrophylla G. Don and G. humilis Wall. ex 
G. Don show a very restricted range of distribution, i.e., starting from 
Bengal, extend as far as Burma and the Malayan Peninsula. G. micro- 
stemma Wall. ex Kurz, G. lacei J. R. Drumm. et Craib and G. retusifolia 
Kurz are endemic to Burma. On the whole, Peninsular India claims 
the largest number of species. This region falls within the main 
central core of distribution, namely, the equatorial Africa and its eastern 
extension across the Arabian sea into India and beyond. There is a 
gradual decrease in the number of species in the regions to the east of 
the Peninsular Indian zone and considerably fewer species have been 
reported to occur to the north and south of this central line of distribution, 
namely, in China and North Australia. 


When we examine the phytogeographical units of Grewia, we are 
driven to the natural inference, namely, that the original home of Grewia 
was most probably equatorial Africa with its northern extension in- 
cluding Guinea coast and Abyssinia as the pivot whence the line of 
distribution might possibly have proceeded in an Easterly direction, 
through Peninsular India towards Burma, Siam and Indo-China. From 
here, the line of distribution appears to have changed its direction to 
the South-east, namely towards the Malayan Archipelago and proceeded 
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to the Pacific islands (the Fiji islands, New Hebredes and others) through 
New Guinea and North Australia (Fig. 1). 


Microcos Linn. 


According to the old classification as given by Masters in Hooker’s 
F.B.I1.,I (1875) the genus Grewia is divided into three sections, (i) GREWIA. 
proper, (ii) OMPHACARPUS and (iii) MICROCOS, mainly on the ~ 
basis of fruit structure. All the Indo-Burmese species of Grewia 
areplaced under GREWIA proper and the other species, mostly Malayan, 
which have some leaf variation, panicled inflorescence and pyriform fruit 
are placed under the sections OMPHACARPUS and MICROCOS, 


Linnaeus in his Species Plantarum (1753) described Microcos as a 
genus distinct from Grewia. In 1804, de Jussieu combined the two 
genera, Grewia and Microcos. In 1819, Willdenow and Smith recog- 
nised the Linnaean genus Microcos and separated it from Grewia. This 
view was supported by William Jack (1830) and G. Don (1831) who 
strongly advocated the propriety of separating Microcos from Grewia. 
But Roxburgh (1832), who described many species under Grewia, merged 
Microcos into Grewia. In 1862, G. Bentham and J. D. Hooker relegated 
Microcos to a section under Grewia, which was later adopted by M. T. 
Masters in the Flora of British India, Vol. I. (1875). This has been 


- followed by other workers subsequently. In 1926, M. Burret took out 


the sections Microcos and Omphacarpus from Grewia and recombined 
them (all the species of these two sections) under Microcos L. on the 
basis of many distinct characters in the floral structure. E. J. H. Corner 
(1940) disagrees with Burret and maintains that the difference between 
Grewia and Microcos is not sufficient to raise the latter to genericrank. 

The present writers, after careful study and examination of the many 
Malayan and African species of Grewia put under Microcos by Burret, 
have found it difficult to unite Microcos with Grewia owing to the striking 
dissimilarity of appearance of all the species of Microcos and other 
features peculiar to them. The occurrence of typical panicled inflores- 
cence, its position (usually terminal but sometimes axillary also) with 
typical cymes, each with 3 flowers surrounded by 3 trifid bracts and 
3 small linear bracts, simple punctiform stigma, pyriform fruit with 
fibrous mesocarp, together with differences in the anatomical features 
as recorded by J. S. Gamble in the case of Microcos paniculata L. (Grewia 
Microcos L.) have given us sufficient grounds to justify the retention of. 
Microcos as a separate genus. 

Only one species, Microcos paniculata L. (Grewia Microcos L.) has 
been reported from certain parts of Peninsular India, Ceylon, Bengal 
and Assam, while three species, Microcos paniculata L., M. calophylla 
Kurz ex Mast. and M. sinuata Wall. have been reported from Burma. 
The remaining species are all restricted to the Malayan Peninsula and 
Archipelago on the one side and Africa on the other. 


Vinticena Steud. 


Bojer’s (1830) Vincentia was later changed to Vinticena by Steudel 
(1841). Burret (1936) has transferred some of the species of Grewia to 
Vinticena Steud. on the basis of fruit structure only. But we have found 


B ee 
GREWIA FLAVESCENS 


JUSS(VINTICENA 
LAVESCENS (uss) BURRET,) 


ieocos PaycuLnT LINN. 
FREWIA MICROCQS LL} 


Fig, 2. Three species be to pee, OREWIA, VINTICENA, 
> Tie pede, toning totes comparative study. 


ne ae ey Oe Se 
aS) Po g : . 


eee a pe Sy | 
_ INDO-BURMESE SPECIES OF GREWIA 183 


that the grounds for such treatment are of very little importance. 


We find that all these species are very similar in character to the common 
species of Grewia in the nature of leaves, inflorescence and structure of 
flower. At most, they may be treated under a separate section from 


their so-called fruit structure. Only one species Grewia flavescens Juss., 


from India, the rest being all African species. 

Tiliifolia Group 
Much confusion and controversy exist as regards the identity and 
the conception of specific limits of the ‘ Tiliifolia’ group, which at present 
contains 9 species divided into two sections. Of the first section with 4 
species, G. tiliifolia Vahl forms a distinct species which can be recognised 
easily. A new variety, ‘argentia’ of this species was recognised by 
Burret in 1926, on the basis of fine greyish felt of hairs on the lower 
surface of its leaves. But the other 3 species (Fig. 3) of the first 
section, namely, G. asiatica L., G. subinequalis DC. and G. hainesiana 
Hole, the two former being older names and the latter a recent one, 
described by R. S. Hole in 1917, have of late given rise to a lot of mis- 
conception among systematists, like Karl Schumann (1901), J. R. Drum- 
mond (1911), B. Burret (1926), R. N. Parker (1918), H. H. Haines (1921) 
and others. G. asiatica was published by Linneus in his “ Mantissa ” 
(1768) and his type was gathered in a garden at Surat by Christian Henrik 
Braad, a supercargo in the service of the Royal Swedish East India 
Company and a correspondent of Linneus. The Linnzan description 
in ‘‘ Mantissa ”’ clearly indicates that it is the cultivated plant, popularly 


(Vinticena flavescens (Juss.) Burret Nov. Comb.) has been reported 


known as ‘ Phalsa.’ In 1782, Sonnerat also described ‘ False’ (with an 


original drawing) from a plant growing in the garden at Pondicherry. 
According to J. R. Drummond, Roxburgh’s sheets of ‘ asiatica’ from 
Calcutta garden and placed in the Kew Herbarium are clearly referable 
to G. subinequalis of De Candolle. After careful study of the descriptions, 
diagrams of different authors, examining co-types and Wallichian sheets 
and weighing the opinions of eminent workers in this field, we have come 
to the conclusion that the true G. asiatica L. does not seem to occur 
wild now anywhere in India. The so-called ‘ Phalsa ’ which is cultivated 
in different gardens throughout India for its edible fruit and which also 
occurs in Bengal, Upper Gangetic plain and N.-W. India in the wild state, 
is not the ‘ true asiatica’ of Linneus but it is a different species altogether, 
namely, G. subinequalis DC. According to Karl Schumann (1901) 
G. asiatica L. is not known to be indigenous to any part of Africa. Burret 
(1926) mentions that G. asiatica.L. has been collected from cultivated 
trees from the Mascarene islands. There are two views as regards the 


original home of this, rather protean, species. One is that it does 


not occur in India and is not endemic to India. As the nearest ally to 
this species, according to Schumann, is G. lasiodiscus K. Sch., which 
occurs only in Africa, and as the true ‘ asiatica’ specimens have been 
collected from the Mascarene islands according to Burret, the probable 
home of this species is perhaps Africa. The other view is that G. Jasio- 
discus K. Sch. which has been changed to Vinticena lasiodiscus (K. Sch.) 
Burret (1926), stands far removed from and not at all related to G. asiatica 
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Three disputed species of Grewia for comparative study. A & C.—I. Shoot 
with flowers. 2. Fruits (1-2 celled). B.—Shoot with flowers and fruits 
(Reproduced from Sonnerat’s Voyage Aux Indes Orientales ID. 
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L. and that as the closest ally to G. asiatica L. is G. subinequalis DC. 
which occurs only in India. The more probable home of G. asiatica L. 
is India than Africa. However, our close scrutiny of the specimens 
collected from different parts of India named as G. asiatica L. and G. 
subinequalis DC. by different workers, indicates that the specimens agree 
very closely with the description of G. subinequalis by De Candolle 
rather than that of G. asiatica as given by Linneus. Further, the leaf 
in different specimens of this species shows slight variation in shape, 
base, apex, margin, and texture. Some of the cultivated plants of this 
species are somewhat shrubby instead of a small tree and this may be 
due to the constant pruning of the branches intended to promote profuse 


fruiting. So this variation in leaf form, though the peduncle, pedicel, 


flower and fruit with 1-2 cells are more or less constant, has led to much 
confusion and thecreation of a new species, namely, G. hainesiana by Hole, 
mostly based on 2-celled nature of the fruit which is also a variable charac- 
ter. R.S. Holehas justified his new species by contending that the name 
G. subinequalis DC. which is partly G. asiatica Roxb. should be suppressed 
as it has been used by different authors for entirely different species 
and thus liable to cause confusion. But we have not found any such 
confusion in the use of the name G. subinequalis DC. Moreover, we 
have found one constant character in all the specimens hitherto named 
indifferently as G. asiatica L. but in fact, G. asiatica Auct. (non Linn.), 
G. subinequalis DC. and G. hainesiana Hole collected from different 
parts of India, both of plains and hills, namely, the ‘subinequal’ base 
of the leaves, apart from the other characters distinguishing it from the 
rest of the Grewia species. Thus, our critical study of the above three 
closely allied species, namely Grewia asiatica Auct. (non Linn.), G. subi- 
nequalis DC. and G. hainesiana Hole shows that they are all only eco- 
forms of the common wild Indian species, namely, G. subinequalis DC. 


G. asiatica L. originally described from a garden plant at. Surat in the — 


18th century does not seem to occur now in India. A critical cytological 
work on such highly variable and disputed species discussed above will 
throw more light on the relationship of these species. 


In the second section of the ‘ tiliifolia’ group, which is another 
confusing problem for many systematic workers, there are at present 
5 species, namely G. elastica Royle, G. vestita Wall., G. eriocarpa Juss., 
G. celtidifolia Juss. and G. sapida Roxb. of which all the species excepting 
G. vestita Wall. are kept as distinct species by Burret as:he presumably 
could not examine the original type or co-type sheets of some of these 
species. After examining numerous sheets of these species, we conclude 
that G. sapida Roxb. and G. elastica Royle, are two distinct species. 
Both of them occur under different climatic conditions on plains and 
hills of India. G. vestita Wall. which is in part G. asiatica L. var. vestita 
Wall. as mentioned by Masters in Hooker’s Flora of British India (1875) 
appears to be only an eco-type of G. elastica Royle. G. eriocarpa Juss. 
is mostly represented in Burma, Malayan Peninsula and East Indies and 
though it has been reported to occur in Bengal by Burret (1926) the writers 
have not seen any specimen collected from Bengal. G. celtidifolia Juss. 
is mostly restricted to Java and Philippines and we have not examined 
any specimen. In this connection, we would like to mention that G. 


“2 ¢ a2 <5 Xu ty ee 
~~ ; ae 


| err 


186 _V. NARAYANASWAMI AND R. SESHAGIRI RAO’ 


_ elastica Royle and G. eriocarpa Juss. are very similar in many respects 
and according to J. R. Drummond (1911) even G. celtidifolia Juss. is 
very similar to the former two species to which we also agree though 
our knowledge of this species is mainly based on Jussieu’s description. 
If this view is correct which is still to be confirmed, the latter names, 
G. elastica Royle and G. eriocarpa Juss. can be reduced to the earliest 
name, G. celtidifolia Juss., in which case G. celtidifolia Juss. will have a 
wide range of distribution in the Indo-Malayan region. A detailed 
work on this aspect will be taken up when the representative collections ' 
of the above three species are obtained. 


‘Hirsuta’ group 


The next intricate group is ‘ Hirsuta’ which at present includes 
seven closely allied species, namely, G. humilis Wall., G. retusifolia Kurz, 
G. hirsuta Vahl, G. viminea Wall., G. helicterifolia Wall., G. polygama 
Roxb., and G. tomentosa Juss. The first two species, G. humilis Wall. 
and G. retusifolia Kurz, are quite distinct, though Masters in Hooker’s 
Flora of British India (1875) reduced the latter species to *G. humilis 
Wall. Both of these have been reported to be common in Burma and 
have not yet been reported from any other part of India. G. hirsuta 
Vahl, a very common species in India and Burma, is a distinct one and 
G. viminea Wall. and G. helicterifolia Wall., though recorded as distinct 
species by Burret (1926) on the basis of Wallichian collections from Burma, 
resemble G. hirsuta Vahl very closely though differing in size and 
degree of hairiness of the leaves. After careful examination, the 
writers regard them as eco-forms of a single highly variable species, 
namely, G. hirsuta Vahl, or to a certain extent as varieties of G. hirsuta 
Vahl, as adopted by R. N. Parker (1918) and H. H. Haines (1921) in 
their floras. This aspect of the problem will be dealt with in detail 
later. G. polygama Roxb. as deséribed by Roxburgh in Flora Indica II 
(1832) but not as described by Masters in Hooker’s F.B.I. (1875) which 
is correct only in part, can be considered as a distinct species. G. tomen- 
tosa Juss., a distinct Malayan species, has not so far been recorded in 
India and Burma. Its new record in these two areas on the basis 
of a few collections of the Dehra-Dun Herbarium, will be given 
elsewhere. : 


Conclusion 


In this connection, the writers feel strongly that cytological and 
anatomical work on some of the closely related and disputed species 
discussed above may undoubtedly throw more light on the solution of 
such intricate problems where taxonomical work alone fails to give 
the most satisfactory explanation. It is a case for the new Systematics 
which calls for the aid of Cytology and Anatomy to unravel certain 
otherwise inexplicable points of Taxonomy. In view of the considerable 
economic importance of the species of Grewia in the timber trade of 
India, unambiguous delineation and nomenclature of the species of 
Grewia is most desirable. ; be 
SE ee Le OT) Me 
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Rinielclararat changes of some of the Grewia’ species ‘given in 
tabi I are briefly given below, following the numbers given in that 
tables argo: ' 
(1) G. orientalis L. Sp. Pl. (1753). 
Dhity =(G. columnaris Sm., F.B.1. 1, 1875). 


Q G. oppositifolia Buch. ex DC. Prodr. I (1824). 
‘ =(G. emarginata Wt. and Arn., F.B.I. 1, 1875). 


gy 


=(G. oppositifolia Roxb. ex Mast., F.B.I. 1, 1875). 


(4) G. rhamnifolia Heyne ex Roth. Nov. Pl. Spec. (1821). 
=(G. orientalis Mast. (nec Linn.) pro pte., F.B.I. 1, 1875). 


(7) G, tenax (Forsk.) Aschers. and Schwf. Nov. Comb. in Scheda. 
. =(G. populifolia Vahl, F.B.1. 1, 1875).. 


(8) G, rothii DC. Prodr. I (1824). 
=(G. excelsa Mast. pro pte. (nec Vahl), F.B.I. 1, 1875). 


(9) G. damine Gaertn. Fruct. II (1791). 
=(G. salvifolia Mast. pro pte., F.B.I. 1, 1875). 


(12) G. subinequalis DC. Prodr. I (1824). 
* =(G. asiatica Mast. pro pte. (nec Linn.), . eh To 1, A870), 
=(G. hainesiana Hole Ind. For. XLII, 1917). 


(13) G. elastica Royle Illustr. Bot. Himl. I (1839). 
=(G. vestita Wall.) 
=(G. asiatica Mast. Var. vestita Wall., F.B.I. 1, 1875). 


(16) G. sclerophylla Roxb. Hort. Beng. (1814) ex G. Don, Gen. Syst. I (1831). 
=(G. scabrophylla Roxb., F.B.I.,1, 1875). 
(17) G. flavescens Juss. Ann. Mus., IV, 91 (1804). . 
=(Vinticena flavescens (Juss.) Burret N.C., Notiz blatt., Vol. IX 
(1926) and XII (1935). 
=(G. pilosa Lamk. Mast. (pro pte.), in F.B.I. 1, 1875). 
=(G. carpirifolia Mast. (nec Juss.), F.B.I. 1, 1875). 
(19) G. serrulata DC. 
aie wane Rottl. ex Spreng., in Linn. Syst. Veg. Edit. XVI, nt 


=(G. multiflora Mast. pro pte. (nec Juss.), F.B.I. 1, 1875). 


(20) G. glabra BI. Bijdr. (1825). 
=(G. laevigata Auct. (nec Vahl) Mast. in F.B.I. 1, 1875). 
=(G. disperma J. R. Drumm. (nec Rottl. ex Spreng.) Gamb. FI. 
adras 1, 1915). 


(25) G. macrophylla G. Don, Gen. Syst. I (1831). 
=(G. scabrophylla Roxb. apud Mast. pro pte., FBI. 1, 1875): 
=(G. abutilifolia Juss. var a. viridescens Kurz & Var b. 
sclerophylloides Kurz in As. Soc. Beng., Vol. 43, Part II, 1872). 


(36) G. laevigata Vahl, Symb. I, (1790). 
=(G. wightiana J. R. Drumm. in Gamble’s FI. ae T, 1915). 
Summary 
1. The genus Grewia is confined to the Tropical and Subtropical 
regions of the Old World only. 


2. The original home of Grewia appears to be Equatorial Africa 
from where the line of distribution has proceeded in an easterly direction 


, 
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China and Malaya. . as 

__3.__Thespecies of Grewia of the sections Microcos and Omphacarpus’ 
of the Flora of British India have been transferred to the reconstituted 
genus Microcos Linn. 


4. The reduction of certain species of Grewia to the genus Vinticena 
Steud. by Burret has been considered untenable, 

5. The ‘ Phalsa’ plant of India, common throughout India and 
which has hitherto been erroneously called Grewia asiatica Linn., is 
really G. subinequalis DC. . : — 

6. The position of the different species of the ‘ Filiifolia’? and 
‘ Hirsuta ’ groups has been discussed. ; 


7. Nomenclatural changes of some of the species of GREWIA 
described in F.B.I. are briefly given. a 
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A NEW SPECIES OF ARTEMISIA FROM 
_KURRAM VALLEY we 


N. A. QaziLBasH 
Department of Botany, Islamia College, pee 


(Received for publication on June ds 1949) 


Indian santonica has generally been refered to as ‘Artemisia maritima 
Linn. Hooker made no distinction between A. maritima Linn. aad: A. 
brevifolia Wall., having regarded them as synonyms. 


‘Artemisia maritima Linn. is a native of the sea coasts of Europe. 
It also grows in the saline tracts of Central Asia, and covers extensive 
areas. Artemisia brevifolia Wall. differs remarkably from A. maritima 
Linn. as regards habitat, habit, and the composition of the flower-heads ; 
and stands by itself as a good distinct species. Comparisons of genuine 
specimens of A. maritima Linn. from Europe, with Indian specimens of 
Artemisia sp., identified as Artemisia maritima Linn. has revealed the 
fact that A. maritima vera does not occur in India. The description of 
A. maritima Linn. as given in Hooker’s Flora of British India refers 
not to a single species, but covers a number of closely related species, 
the dried herbarium specimens of which look very much alike. 


In India there are two important sources of the supply of santonin- 
containing Artemisia : (i) Kashmir, (ii) the Kurram. The santonin- 
rich Artemisia growing in the two regions belongs to two hotanically 
distinct species of Artemisia. 


(i) The Kashmir santonica is Artemisia brevifolia Wall. (Fig. 2), 
‘It grows at high altitudes (7,000 to 11,000 ft.) in Western Himalaya, from 
Kashmir to Kumaon. It grows abundantly i in certain parts of Kashmir 
and Kulu valley. It also grows in Kaghan, Swat and Chitral (N.-W.F.P.). 
Artemisia brevifolia Wall. growing in Kaghan is totally devoid of 
santonin. Collections of Artemisia brevifolia Wall. made from different 
localities in Kashmir, Kulu and Swat, showed different precentages- of 
santonin. 

(ii) The Rivas Bintonica (Fig. 1). Itis rather interesting to note 
that Aitchison has made no mention of the Artemisia species growing 
_ abundantly and commonly in the desert regions of the Upper Kurram, 


Artemisia kurramensis Qazilbash 
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brevifolia Wall 


Fig. 2. 
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© Wisin etia of the santonin-containing as well as the fantontactiee 
ants of the Kurram santonica were sent to the principal herbaria in 
Europe for purposes of comparison with the type specimens of the re- 
corded species of Artemisia. It was thus definitely ascertained that 
the Kurram santonica was not previously represented in any of these 
herbaria. No botanical distinction was made between the santonin- 
containing and the santonin-free forms of Artemisia in these herbaria. 
The writer has determined that the santonin-containing and the 
santonin-free forms belong to two botanically distinct species. The 
santonin-containing species is the only economically important form. 
It has not been reported before from the other source. It is confined 
to the Upper Kurram and the adjoining Afghan territory. As regards 
habit, habitat, the general organisation of the compound inflorescence, 
and the structural composition of the individual flower-heads, the san- 
tonin-containing species of the Kurram Artemisia is remarkably distinct 
from all the botanically known species. It grows wild in the desert 
regions at about 5,000 ft. in the Upper Kurram and the adjoining Afghan 
territory, with an average annual rainfall of about 23 inches. The 
plant is a perennial and flourishes very well in a loamy soil. A brief 
botanical description with a Latin-diagnosis is given below :— 


Artemisia kurramensis Qazilbash, sp. nov. species A. brevifolize 
Wall. affinis, sed foliis capitulisque albo-tomentosis, bracteis involucri 
+ 22, apice ciliis marginalibus tectis, floribus 3, capitulo depositis, tubo 
corolle flavido inter alia differt. 


The plant is a perennial shrub 4 to 1 mtr. tall. A large number of 
erect or ascending shoots arise from a stout woody rootstock. Young 
plants are grayish-green in colour. The colour of the stem in the case 
of the young vegetative shoots is deep purple, and it is covered with 
a dense coating of tomentum. The stem bears alternate, pinnately 
much dissected leaves covered over with cottony hairs... The leaf seg- 
ments are linear-lanceolate. Each segment has a rounded apex, which 
bears a transparent apiculus. The leaves of the flowering regions are 
much reduced ; they are simple and linear in form. 


The purple colour of the young vegetative shoots gradually disappears 
as they grow old. The colour finally changes to pale brown or rusty 
brown during and after the flowering and fruiting stages. In the mean- 
time the leaves attached to the basal portion of the stem, also gradually 
decay and drop down, and subsequently the mesty. stem becomes naked 
and glabrous. 


The inflorescence is ‘an erect, repeatedly much branched, elongated 
panicle, consisting of an indefinitely large number of small greenish- 
brown flower-heads arising singly in the axil of simple linear leaves, 
Each capitulum is ellipsoidal, usually measuring 2-5 to 3-0 mm. in 
length and 1-0 to 1-8 mm. in diameter. In typical cases there are 3 
tubular florets in a capitulum borne on a rounded receptacle. In some 
cases there may be only 2 florets, the third may be absent or may te 
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found in an undeveloped condition. In rare cases the number of the 
florets may be 4. The number of the involucral bracts varies from 16 
to 24, the commonest number being usually 22 in typical cases. The 
bracts are keeled and imbricated. The lower bracts are small, herbaceous 
and broadly ovate, about 1:0 mm. long and 0-8 mm. broad. The middle 
bracts are more or less ovoid, measuring 1-25 mm. long and 1-0 mm. 
broad. The upper bracts are oval or oblong-lanceolate, measuring about 
2 mm. long and 0-75 mm. broad. The florets have no pappus and the 
receptacle bears no palee. The bracts are thick in the central middle 
- portion and gradually thin out towards the margins which are scarious. 
Apical marginal hairs are usually present. They are more numerous in 
case of all the lower small herbaceous bracts. The bracts have distinctly 
well marked unbranched midrib. The apical bracts are incurved at 
the apices, and they are almost wholly scarious. Upon the outer surface 
of the bracts, especially along the middle region there are numerous 
cottony hairs. The colour of the corolla tube is yellow. 


The santonin-containing species of the Kurram is characterised 
by the following diagnostic features :— 


(i) Leaves and flower-heads are hoary and tomentose. 


(ii) Involucral bracts 16 to 24 in number, the commonest number 
‘in typical cases is 22. 


(iii) The usual number of florets is 3 in a capitulum. The colour 
of the corolla tube is yellow. 


(iv) Apical marginal hairs are present on the involucral bracts. 
(v) A well marked unbranched midrib is present in the bracts. 


It is thus clear that the santonin-containing species of the Kurram 
santonica is remarkably distinct from all the botanically known species 
of Artemisia. It is a new species, so far not described from any other 
region. 


-MICROFOSSILS FROM THE CAMBRIAN STRATA 
_ OF THE SALT RANGE, PUNJAB. 


A. K. GHosH AND A. Bosg, Bose Research Tustitute, Calcutta, 
and 
J. Sen, University College of Science and Technology, Calcutta. 


(Received for publication on June 16, 1950) 
_ The recently published results of analyses of rock samples from 
the Salt Pseudomorph and Magnesian Sandstone beds (Cambrian strata 
of the Salt Range, Punjab) by Sahni, Lakhanpal and Bhardwaj (1950) 
and Bhardwaj (1950a@ ; 1950b ; 1950c) do not corroborate our previous 
findings of the microfragments of vascular plants (not angiosperm however) 
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fone the same beds (Ghosh and Bose, 1947, and Ghosh, Sen and Bose, 


1948). ‘This necessitates an explanation specially with reference to some 
comments made by Sahni and his collaborators in this connection. 


Sahni and associates have examined six samples of Salt Pseudomorph 
rocks and only one of Magnesian Sandstone. There is no clear reference, 
however, as to the total amount of sample examined and the number of 
macerations made. This is important specially when contradicting the 
results obtained by us. These authors reported about 10 types of ap- 
parently non-vascular microfragments from the Salt Pseudomorph and 
none from the other bed. The organic structures recovered by them 
from the Salt Pseudomorph are entirely new records from this bed. This 
shows that according to the late Prof. Sahni and his students the Salt 
Pseudomorph is not altogether barren as was previously supposed. 


Sahni et al have overlooked the very clear statement in our com- 
munications (/oc. cit.) that the microfossils of vascular plants in the 
Cambrian strata of the Salt Range are very meagre in proportion to the 
amount of material we have examined, and that they are semi-localised 
in parts of the test samples. As such a few macerations may not yield 
any trace of vascular flora. 


Megafossils of vascular plants have been traced back to the Silurian, 
(Lang and Cookson, 1935), and excepting a few isolated attempts no 
systematic investigation has so.far been undertaken to explore the possible 
existence of microfossil of vascular plants (which are more resistant to 
decay) in the Lower Palezozoic beds. The discovery of spores suggestive 
of the antiquity of the tendency toward the attainment of the land habit 
from the specimens of the Upper Cambrian “‘ Kolm” or “‘ Swedish oil 
Shale ” by Darrah (1937), and those of some land plants in Russia (Sahni, 
1947), may be mentioned in this connection.* In the light of these dis- 
coveries and what we have experienced with the Cambrian samples of 
the Salt Range, it is not wise to ignore the existence of highly resistant 
microfragments of vascular plants in the Cambrian of the Salt Range 
without making a thorough search for them. 


As palzobotanists we place great reliance on the indigenous nature: 
of microfossils found by the late Prof. Sahni and his collaborators from the 
Saline Series and from the associated strata by us.’ But the possibility 
of later contamination of these rocks by microfossils of younger age 
under unusual Salt Range conditions have been raised by eminent geo- 
logists like Gee, Lehner and others (Sahni, 1947). So it is always neces- 
sary that all micropaleontological data need checking with the help of 


control rock samples (J.S., 1948) as we are now trying to do here. We 


should not leave any possibility to be questioned. 

Fresh attempts are now being made with numerous samples col- 
lected by the B.O.C. (I.C.) Ltd. from the Cambrian strata of the Salt 
Range and the associated beds, and the data at hand which are gradually 


* Recently Jacob (Rec. G.S.I., 82, pt. 1, pp. 202-203, 1949) recovered bordered 
pitted wood elements and a few deltoid trilete spores from certain ferruginous 
sandstones reported to be the Upper Bhanders (Vindhyan). This discovery is very 
significant. 
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being checked at other laboratories will bun the existence of microfrag- 
ments of vascular plants probably belonging to pteridophytes and 
gymnosperms in the Cambrian strata of the Salt see (Ghosh and line 
1950). 


_We have not yet arrived at any Rctuciosiea Bilt: it is surprising that 
Sahni et al (1950) and Bhardwaj (1950a, 19506) have stated that we 
doubted the undisputed Cambrian age of the beds overlying the Saline 
Series. It should be made clear that we propose to conclude only after 
all the possibilities are explored, and that so far we have not She ace 
any age for the beds in question. 


‘We are fully aware of our responsibilities and the implications of 
our findings, and we hope our colleagues in India and abroad will help 
us in explaining the situation and thoroughly check our results. 
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INVESTIGATION OF CERTAIN CHEMICAL 
_ FACTORS AFFECTING THE GROWTH OF 
| FUNGI IN MANGOES 


S. SmnHA* 
Botany Department, Agra College, Agra. 
(Received for publication on December 6, 1949.) 


I. Introduction 


The pathogenicity of certain fungi attacking mango fruits has been 
worked out by the author, and it has been pointed out that the fungi 
attacking mangoes react differently with different stages of maturity of 
the fruits (Sinha, 1946 and 1948). Observations of this nature have been 
made before for. apples (Harvey, 1929 ; Das Gupta, 1933), and it ‘has 
been suggested that this difference is due to the variations in the chemical 
composition of the fruit at different stages of development. The in- 
fluence of chemical factors on the growth of fungi has also been pointed 
out by Brown (1925). The present investigation was started to find 
out a possible correlation between the growth reactions of the fungi, 
isolated from diseased mangoes, in altered conditions of acid and sugar | 
content in synthetic media and their attacking power on fruits at different 
stages of maturity. 


ie Mattel. andiMiathodas, 


Three fungi, Aspergillus nidulans (Eidam) Wint., Acrothecium pen- 
niseti Mitra, and Colletotrichum capsci (Syd.) comb. nov. were selected for 
the investigation from among those isolated by the author from decaying 
mango fruits. In selecting the fungi care was taken to include those 
which are more commonly found causing decay of fruits and afford a 
greater diversity of forms. 


The growth of the above fungi in various concentrations of acid 
and sugar was determined by growing them in different combinations 
of the two variables (acid and sugar) and measuring the radius of the 
growth colonies at given intervals of time. The fungi were grown in 
Petridishes in a standard synthetic medium with given concentration 
of acid and sugar at room temperature (about 30—35°C). The basic 
medium employed for the study of the growth reactions was a standard 
synthetic medium of the following composition : asparagin 0-2 gm., 
MgSO,, 7H,O 0-75 gm., K,;PO, 0-125 gm., glucose 1-80 gm., agar 
2-0 gm., and water 100 cc. 

Sugar Series. In preparing sugar series glucose in the standard 


medium was replaced by total combined sugar which included Jevulose, 
glucose and sucrose, these being present in mango fruits (Prinsen 1897) 


* Formerly of the Department of Botany, University of Lucknow, where the 
investigation was carried out. 
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as shown in Table I. The medium was sterilised by steaming for about 
30 minutes on three consecutive days. 


TABLE I~ 


Table showing the sugar content of mango fruit after Prinsen (1897). 


Fruit Levulose Sucrose 
‘Sweet variety 2°0% 9°5% 
Sour variety .. eA 3°6% 


Thus three sugars, glucose, levulose and sucrose are present in the 
fruits. Considering both varieties of fruits, glucose ranges from 0-0 
to 0-6 per cent, and sucrose from 3:6 to 9-5 per cent. The range of 
variation of levulose is very small, viz., 1-9 to 2:0 per cent. In making 
the total combined sugar, therefore, the various sugars were utilised in 
the proportion shown in Table II. 


TABLE II 
* Table showing individual sugar cone: and the concentration of combined 

pea Levulose in ~ Glucose in Sucrose in phgret 

irations gm. per 100 cc gm. per 100 cc | gm. per 100 cc _ gm. per 100 cc 
1 DOs. | 0-00 3°50 5°50 
2 2:0 0°05 4°00 6°05 
3 2:0 0°10 4°50 ibeiogieo 
4 2°0 00S 5°00 745 
5 2-0 0:20 7°70 
6 ‘240 oes 6:00 BORE DS 
7 2:0 0°30 | 8°80" 
oo 2:0 0°35 ; 9°35 
9.2 “fabian 3 eae ¢ 9:90 
10 = 2°0 8: 10°45 
11 hopes siroy earad 
12 ya i Io : 11°55 


xis Del woes 2 gee O:60e4 | soy 9°00» 12°10 * 


The total combined sugar was thus varied from 5-5 gm. to 12-1 


gm. per 100 cc. The amount of levulose was kept constant since in 
mangoes the concentration of this sugar is about 2 per cent both in the 
sour and sweet varieties (Table I). Glucose was varied between 0-0 


and 06 gm. per ip cC., » While sucrose between 3*5, and.9:5 gm. per 


100 cc. 


Acid Series For acid series malic acid was employed. “The acid 
was separately sterilised and added to the standard medium when the 
latter had cooled down sufficiently. The following nine concentrations 
of the acid were used : 2-0, 1-5, .1-25, 1-0, 0-8, 0-4, 0-2, 0-1 and 0-05 
gm. per 100 cc. 

The concentrations of the acid and the total sugar have been, for the 
sake of convenience, represented in the text by the first letter of acid or 
' sugar. Thus 0- 054. represents 0-05 per cent acid, while 5-5S represents 

5-5 per cent total combined sugar. 


For all different series the plates were made in triplicate and the 
medium was poured to approximately the same depth in each Petridish. 
Pure cultures of the fungi under study were obtained by monohyphal 
transfers from the stock cultures to the standard medium in the plates. 
Very small inocula from a narrow zone, one cm. inwards from the margin 
of the culture, were taken from the standard medium and inoculated in 
the plates. The margin of the colonies was almost regular and the 
measurements of the radial spread were made along two diameters at 
right angles to one another. The measurements were made each day 
until the tenth day, but for purposes of comparison the records obtained 
on the sixth day have been selected, since in most cases the fungi reach 
the extreme margin of the plates in 9 or 10 days. The reaction of the 
fungi to altered conditions of acid and sugar was indicated by changes 
in the rate of growth of the fungal colonies. 


Ill. Growth in the Standard Medium 


The general morphological characters shown by different strains in 
the standard medium are given below in table III. 


TABLE III 
Table showing the characters of the strains as seen in the standard medium. 


: Se Colour of Nature of ee Colour of 
Fungus Strain Mycelium Mycelium Zonation Substratum 
Aspergillus nidulans ..| _ white thin rough | Sector for-| Reddish 
mation brown 
Colletotrichum capsci_ .. white thin waxy | None Dark 


Acrothecium penniseti ..| colourlessto| thin, a little Close Grey to 
dark © flufy. black 
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IV. Growth in “ip abso Gombintations of Total Sugar and hsty 2 
Acid ee 2 

The Genta sed of different Nedibinakisne of acid and sugar was 

ascertained by using nine concentrations of malic acid and thirteen of 

total sugar making one hundred and ‘seventeen combinations in all. 

| The mean a orae of the fungi in these combinations on the sixth day 


~ 


TABLE IV 


Aspergillus nidulans: Radial spread: in mm, in relation to varying concentrations of 
malic acid and total sugar'in six days’ old culture. 


Total Acid in gms. per 100 cc 
Sugar 


per i 
100 cc; 2.00 


0.80 | 0:40] 0.20] 0.10] 0.05- 


5.50 30 31 33 37 36. 35 


6.05 35 34 35 35 40.5 35 


ee 22 23 34 19 


6.60 20 
ISAS 7 25 35 34 35 40 
Pires fe") uf 20 31 33 32 21 


8.25 0 


el 24 


8.80 10 


OF35 10 
9.90 Any 9 
10.45} 10 
11.00 6 
11.50 9 
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_ is given in tables IV, V and VI. From the data presented in these tables, 
graphs showing the relation between radial spread and conceatrations of 
acid and total sugar have been made and presented in text figures 1, 2 and 
3. In view of high cost of production only the representative types of 
curves haye been included in the graphs. For the sake of convenience 
in correlating results with changing acid content of mangoes during 
development, the concentrations of the acid in the graphs are arranged 
in descending order. 

The graph presented in fig. 1 indicates that the form of the curves. 
varies with total sugar concentrations, showing that on the whole sugar 
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Fic. 1. Graph showing radial spread in mm. at the end of six days of. 
Aspergillus nidulans in combinations of six concentrations of 


total sugar and nine of malic acid. 
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is the controlling factor in the growth of the fungus... The curve for 5-5S 
runs straight for the most part starting from the direction of higher acid 
concentration utilised (2-O0A), but rises up at lower acid value (0- 2A) 
showing that in higher acid values sugar is the controlling factor but in 
lower acid concentrations the latter (acid) determines the growth of the 
fungus. The curve for 8-8S shows a sudden rise in very high acid values 


TABLE V 


Colletotrichum capsci: Radial spread in mm. in relation to varying concentrations 
of malic acid and total sugar in six a old caltiee, 


Total Acid in gms. per 100 ce. 
Sugar 
per 
100 cc.| 2°00 150 (325 0°40 | 0°20 0°10} 0°05 
21 16 
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(2-0—1-5A) and then runs almost straight until low acid values (0-2— 
0-1A) are reached when it rises up steeply again, thus showing a tendency 
to form two maxima, the first being much less pronounced than the 
second. The curve illustrates that about this concentration of sugar 
the growth of the fungus is controlled by the acid content at its high 
and low values while between these values the acid does not much in- 
fluence the fungus growth. When the sugar concentration is further 
increased to 12-1S the curve rises steadily as the acid value is decreased 
indicating that the acid determines the growth of the fungus. 
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Fic. 2. Graph showing radial spread in mm. at the end of six days of 
Colletotrichum capsci in combinations of six concentrations of total 
sugar and nine of malic acid. 


The graph made from the data presented in table V conform to 
two types as shown in fig. 2. The curve for 5-5S rises somewhat steadily 
with decreasing acid concentration, but falls when low acid values are 
reached indicating that the growth of this fungus is all along very much 
controlled by the acid. The second type represented by the curve for 
8-8S illustrates the controlling effect of the acid in another way, the 
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growth being completely retarded in high acid values (2-0—1-25A), 
but as the acid concentration is decreased the growth increases steadily. 

The curve for 12-18 is essentially of the second type. The growth of 
the fungus under higher (8:8—12-1S) sugar concentrations is corres- 

pondingly much less than in lower sugar values, indicating that on the 

whole sugar is the controlling factor within certain limits. © 


TABLE VI 


Acrothecium penniseti: Radial spread in mm. in relation to varying concentrations 
of malic acid and total sugar in six days’ old culture. 


Total 7 Acid in gms. per 100 cc. 
Sugar a =— 
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_ Again in the case of this fungus only two types of curves (Fig. 3) 
are obtained from the data presented in table VI. The first type is 
represented by the curves for 5-5 and 8-88, which rise with the decreasing 
values of acid concentration, indicating that the growth of the fungus 
is very much influenced by the acid. But looking at the values of radial 
spread in the two concentrations of sugar it is evident that sugar also 
affects the growth, the radial spread being: correspondingly more in the 
_ higher sugar concentration. The second type represented by the curves 
for 7-15 and 11-0S again illustrates the effect of the acid. In high 
concentrations of acid the growth does not occur at all and in the range 
of lower concentrations the growth increases as the acid value is decreased. 
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Fic. 3. Graph showing radial spread in mm. at the end of six days of 
Acrotl ecium penniseti in combinations of six concentrations of 
total sugar and nine of malic acid. 
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‘f _ Y. Discussion 
Growth Reactions of the Fungi. From the sets of curves presented'i in 
this paper it is seen that the growth of the fungi is greatly affected by 
varying concentrations of malic acid and total sugar, and the growth of 
the three fungi investigated here is never alike in the same combination 
of the two variables. In combinations of low total sugar (6- 05S) and 
high acid concentrations (2-0—0-8A) employed, the growth is less in 
comparison to that in combinations with lower (0-4—0-05A) acid values 
(Fig. 4). This point is illustrated very well in Colletotrichum capsci and 
Acrothecium penniseti, but in Aspergillus nidulans the growth is equally 
well at high or low acid values. In combinations of high sugar 
(11-0—12-1S) and high acid (2-0—1-0A) the growth of Colletotrichum 
capsci and Acrothecium penniseti is nil, but Aspergillus nidulans grows 
fairly well though very much less than in lower acid concentrations. In 
combinations with high sugar concentrations (11-0—12-1S) and low 
acid (0-4—0- -OSA) the growth of all the three fungi is much pronounced 
than in combinations with high acid values. 


In general, it is found that the growth of the fungi is the least in 
combinations with higher acid concentrations, and as the acid is lowered 
the growth increases and it is maximum in the lowest acid concentrations 
employed. As regards the effect of total sugar concentrations, it is 
evident from fig. 4, that at lower sugar values (6-05S) the growth of the 
fungi is the best, even in high acid concentrations, and as the sugar 
concentration is increased the growth of the fungi is diminished so much 
so that Acrothecium penniseti grows very feebly in 7-78. Colletotrichum 
capsci and Aspergillus nidulans also show decreased growth in 9-9§S. 
But a further increase in sugar concentration again stimulates the growth 
which reaches values, especially in combinations with lower acid con- 
centrations, comparable to those of 6-05S particularly in the case of 
Aspergillus nidulans. A comparison of tables IV; V and VI shows that 
the growth of the three fungi is less in 5-5S than in the next two higher 
concentrations of sugar (6-05, 6-6S). Fig. 4 illustrates that Aspergillus 
nidulans on the whole flourishes the most in the various combinations of 
acid and sugar employed. Colletotrichum capsci and Acrothecium 
penniseti grow well only in low acid concentrations particularly in com~- 
binations with sugar of high values. 


Growth Reactions in Relation to Attacking Power and Maturity of 
Fruits. It has already been reported (Sinha, 1948) that the fungi causing 
decay of mango fruits in storage react differently at different stages of 
maturity of the fruits. Brown (1925), Harvey (1929) and Das Gupta 
(1933) noticed a similar behaviour of some fungi attacking apples and 
remarked that this difference in the reactions of the fungi is probably 
due to changing proportions of the chemical constituents of the fruit as 
it grows. Seth (1934) and Carter (1934) worked with this suggestion to 
find out the growth reactions of the pathogens in synthetic media having 
the corresponding chemical composition as the developing apple, and to 
correlate with the growth of the fungi in the host tissue. 


The pathogenicity of the three fungi considered here has been studied 
earlier (Sinha, 1948) with regard to two varieties of mangoes, Safeda and 
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Bombai. In this paper the growth reactions of these fungi have been 
studied in relation to different combinations of total sugars (glucose, 
levulose and sucrose) and malic acid. The data for total sugars was 
obtained from Prinsen’s (1897) observations for two varieties of mangoes, 
sour and sweet. No data concerning the proportions of malic acid 
was available. In view of the absence of any detailed study of the acid 
and sugar contents of the varieties of mangoes utilised in the patho- 
- genicity experiments it is somewhat premature to compare the results 
obtained here with those in the pathogenicity tests. Nevertheless it has 
_ been possible to find a certain degree of correspondence between the 
experiments of the two series. 


It has been seen that the growth of the fungi under consideration is 
the least in combinations of higher acid concentrations and as the acid 
is lowered the growth increases. This has been the general trend of 
reactions and it finds a correlation in the attacking power of these fungi 
on mangoes (Sinha, 1948), the amount of decay due to these fungi being 
less in the early samples of fruits in which the relative acidity is evidently 
high while the decay is more in late samples in which the acidity is, of 
course, the minimum. In the early samples of fruits, sugar is low and 
acidity high and the amount of decay small corresponding to the curves 
for 5-5S to 8-8S in the region of roughly 1-0A to 2-0A where the curves 
indicate poor growth of the fungi. This is only a general correspondence 
the details of the growth reactions are rather difficult to be explained and 
correlated. Similarly a general correspondence may be noticed for 
late samples of fruits in which sugar is high and acid low. The amount 
of decay is comparatively more corresponding with the curves for 11-0S 
to 12-18 in the region of 0-4A to 0-05A, where the curves indicate a 
comparatively luxurient growth of the fungi. It has been reported ~ 
earlier (Sinha, 1948) that, on the whole, Aspergillus nidulans comes first 
in the order of attacking power followed by Acrothecium penniseti and 
Colletotrichum capsci. Fig. 4 clearly illustrates a similar order in the 
growth of these fungi in a synthetic medium. 


Summary 


It has been shown earlier that a given fungus responds differently . 
as to its attacking power on mango fruits at different periods of the © 
maturity of the host. In this paper an analysis of the chemical factors 
(sugar and acid) affecting the growth of certain fungi has been made. 
Three fungi namely, Aspergillus nidulans (Eidam) Wint., Colletotrichum 
capsci (Syd.) Comb. nor. and Acrothecium penniseti Mitra from among 
those obtained from diseased mangoes have been selected for the study. 


It is seen that the growth of the three fungi is greatly affected by 
varying concentrations of malic acid and total sugar (glucose, sucrose and 
levulose), these being present in mango fruits. The growth of the fungi 
is the least in combinations with high acid concentrations and as the acid 
is lowered the growth increases and is maximum in the low acid concentra- 
tions (0-1—0-05%). As regards total sugar the growth at lower sugar 
values (6:05°%) is the best, even in combinations with higher acid values, 
and as the sugar concentration is increased the growth is diminished, 
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but further increase in sugar again stimulates growth to a considerable 
extent. On the whole Aspergillus nidulans flourishes the most considering 
the growth in all the various combinations. Exceptions to the general 
rule have been pointed in the text. 


There is a certain degree of correspondence between the growth 
reactions of these fungi and their a pus on mango fruits of 
different stages of maturity. 


I offer my best thanks to Dr. S. N. Das faint, Ph.D., D.Sc. (Lond.), 
Professor of Botany, University of Lucknow, for supervising this mere 
of work and giving me help and guidance. 
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DEVELOPMENT OF THE EMBRYO IN 
TRIGONELLA FQENUM-GRECUM L., 


M. ANANTASWAMY RAU 
Department of Botany, University of Mysore, Mysore City. 


(Received for publication on June 23, 1950) 


The tribe Trifoliee of the Papilionacee includes a number of Euro- 
pean and North American species and on this account has received 
considerable attention from embryologists. GUIGNARD (1881) studied 
a few species belonging to this tribe and made a passing reference to 
Trigonella. Among the recent contributions, mention may be made of 
the works of COOPER (1933, 1935) and SOUEGES (1934, 1946). The 
latter has given a detailed account of the development of the embryo 
in species of Trifolium, Medicago and Melilotus. The present paper 
deals with the embryogeny of Trigonella Fenum-grecum L., a herb ex- 
tensively cultivated for its leaves and seeds (fenugreek). The material 
was fixed in formalin-acetic-alcohol and Heidenhain’s iron-alum hemato- 
xylin was used for staining. 


The fertilised egg (fig. 1) divides by a transverse wall to form the two- 
celled proembryo (fig. 2). The basal cell, cb, elongates and then divides 
by a longitudinal wall, while another transverse division takes place in 
the apical cell, ca, resulting in the formation of two superposed cells, 
cc and cd (figs. 3 to 7). These divisions are completed almost simulta- 
neously but sometimes there might be a slight interval between them. 
The four-celled embryo that is thus formed corresponds to the category, 
C,, of tetrads in the system of embryogenic classification of SOUEGES 
(1939). This is designated the ‘ primary tetrad’ (i.e., the first four cells 
derived from the fertilised egg). The terminal cell, cc, again divides 
by a transverse wall to form the cells, ce and cf (figs. 9, 10). While 
these divisions are taking place, a vertical division will have taken place _ 
in the cell, cd, usually ina plane at right angles to the plane of division 
in the cell, cb (figs. 8, 10). The cells, cc and cd, thus produce four cells 
which correspond to the category, C,, of tetrads. This is the ‘ secondary 
tetrad’ (i.e., the four cells derived from the apical cell of the two-celled 
proembryo). The cell, ce, then undergoes a vertical division (fig. 12) 
and the resulting two cells divide by vertical walls laid at right angles to 
the plane of first division. This results in the formation of quadrants « 
(figs. 13, 14). In the meantime, the cell, cf, will have undergone a trans- 
verse division (figs. 11, 12) and will contribute to the suspensor. The 
cells, ce and cf, therefore, give rise to four cells which constitute the 
‘ tertiary tetrad’ (i.e., the four cells derived from the terminal cell when 
a transverse division takes place in the apical cell of the two-celled proem- 
bryo (fig. 12, ce and cf). Transverse walls are now laid in the quadrants 
and the octants are organised which are distributed in two stairs (figs. 
16, 17, /and/’). The occurrence of further transverse and longitudinal 
divisions in the derivatives of the cells, ef, cd and cb will result in the 
organisation of a long suspensor (fig. 19). 
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Figs. 1-21. Trigonella Fenum-grecum L. Stages in development of embryo. ca, 
apical cell and cb, basal cell of two-celled proembryo. cc, cd, daughter 
cells of ca, ce, cf, daughter cells of cc. ef’, cf”, daughter cells of cf. q, 
bg 1, 1’, superior and inferior octants. s, suspensor. All 
4 e 


The four superior octants (/ in fig. 17) undergo vertical divisions 
(fig. 18) followed by further divisions giving rise to a group of cells from 
which are ultimately derived the cotyledons and the stem tip (figs. 19 
to 28). In the four inferior octants ( 1’ in fig. 17) the vertical divisions 
(fig. 18) are followed by transverse divisions resulting in the formation of 


We oe 


= 


212 _ OLMOANANTASWAMY RAU 


two layers, phy and h (fig. 21), the former giving rise to the hypocotyl 
portion and the latter, the hypophysis, The root initials and the root 
cap are organised in due course. es y 
The fully developed suspensor shows nearly twelve tiers of cells 
of which the four or five towards the embryo are four seriate (fig. 30). 
The development of the embryo thus described in Trigonella re- 
sembles in general that of Melilotus and Medicago. In all these, the 
basal cell contributes to the formation of the suspensor. In Trigonella, 
however, the embryo proper is differentiated from the apical cell after 
two transverse divisions. Of the three cells that are formed, only the 
terminal cell gives rise to the embryo proper, the other two contributing 
to the suspensor. This bears a resemblance to the condition seen gener- 
ally in Cicer arietinum (SOUEGES, 1949) where, however, the cell, 
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Figs. 22-30, Trigonella Fenum-grecum L. Further stages in development of embryo, 
phy, hypocotyl portion. pco, cotyledonary portion. h, hypophysis. 
$, suspensor. rc, root cap. pl, plerome. _ 
Figs. 22, 23, 25-27 x 200, Fig. 24 x 280, Fig. 28 x 130, Fig. 29 x 100 
and Fig. 30 x 50. 
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ce, might first undergo a transverse division instead of a vertical one. 
Further, in Cicer, the ‘ primary tetrad’ is of the category, Cy. 


The following table summarises the course of development of 
the embryo in Trigonella Fenum-grecum L., and is based on the scheme 
adopted by SOUEGES (1934, p. 47) for the analysis of embryonal de- 
velopment. The cells, cd and cb are excluded from this table as they 
participate solely in the construction of the suspensor. 


First generation (two superposed cells as in fig. 10). 
Proembryo of two cells { ce which gives pco+pvt A lial a 
disposed in two stairs. cf _ which gives s (partly). 
Second generation (‘ tertiary tetrad’, Ag, as in fig. 12). 
| ce which gives pco+pvt+phy+icc+iec+re. 


Proembryo of four cells a ; 
of’ \ which give s (partly). 


disposed in three stairs. 


Third generation (quadrants as in fig. 15). 
{ ce. (or q) same destiny as above. 


Proembryo of eight cells ; 
of” t same as above. 


disposed in three stairs. 


Fourth generation (octants as in fig. 17). 
; (al which gives pco+ pvt. 
Proembryo of sixteen cells} /’ which gives phy+ice+iec+rc. 


disposed in four stairs. fis : : 
of” \which give s (partly). 


(pco : cotyledonary part ; pvt : stem apex; phy : hypocotyl part; icc : initials of central 
cylinder of root ; iec : initials of epidermis of root; rc : root cap; s : suspensor). 


Summary 


The development of the embryo of Trigonella Fenum-grecum L. 
has been studied in detail and this reveals the presence of a long suspensor 
which is derived from the basal cell and part of the apical cell of the 
two-celled proembryo. The course of embryonal development is dis- 
cussed with reference to the observations made by SOUEGES on other 
species of the Papilionacee showing a similar mode of embryo 
development. 


I am highly thankful to Dr. René Souéges of the Botanical Labor- 
atory, Faculty of Pharmacy, France, for his kindness in, giving me 
valuable suggestions in this study. 
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PLANT IMPRESSIONS FROM THE COAL 
MEASURES OF SOUTHERN SHAN 
STATES, BURMA. 


B. S. TRIVEDI, 
Department of Botany and Geology, The University, Lackood 


(Received for publication on December 12, 1949). 


Introduction 


In September 1936 the Director of the Geological Survey of India, 
sent the material described in this paper to Professor B. Sahni for exami- 
nation. The collection was made by Mr. V. P. Sondhi from the coal- 
measures of the Southern Shan States, Burma, 24 miles west of Waywet 
(20° 54’ : 96° 30’) and E.S.E. of Songyi. 

In 1937 Mr. N. P. Chowdhury, then a research scholar here, cursorily 
examined this collection, but very soon afterwards left the work un- 
finished. In March 1947 Professor Sahni very kindly entrusted the 
entire collection to the author, and the present paper is the outcome. 

The rock matrix consists of friable, finely laminated, dark or grey 
shale, bearing only indifferently preserved fragmentary plant remains. 
The rock does not effervesce with 12 per cent cold HCl. Some of the 
impressions are well preserved but no petrifactions have been found. 

A dozen rock samples, bearing plant impressions, were macerated 
and examined carefully for any recognizable microfossils, but all the 
search proved futile, as none of the slides showed a single well preserved 
recognizable piece of wood, cuticle or spore. Theslides, however, showed 
a large number of small carbonised pieces which are structureless. To 
ensure that the drastic oxidation by Schultze’s mixture was not res- 
ponsible for this anomaly, two samples were disintegrated in water alone, 
no acid being used, but even here no recognizable fossils could be re-~ 
covered ; nor, for that matter, was a shred of cuticle found. It is thus 
evident that these rocks are completely devoid of cuticles and spores. 
The reason for this anomaly lies in the rocks having been metamorphosed. 

Dr. R. C. Misra of the Geology Department, very kindly examined 
the rocks at my instance and reports as follows :— 

“* A thin section of the rock was transferred to a platinum foil and 
heated on a burner. The slice caught fire and a yellowish luminous 
flame resulted, the colour of the slice became greyish white, and on 
re-examination under the microscope the black streaks were absent. 
It is therefore clear that these streaks are of carbonaceous matter con- 
verted to graphite due to the metamorphism of the original shaly rock 
which may have been a carbonaceous type.” 

As many of the impressions are ill-preserved, only the few better 
preserved ones are being described. 
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Description 


The impressions described below are in ‘most cases too poorly 
preserved for a specific identification. The few well preserved specimens 
have been identified. : 


Filicales | f 
Sphenopteris sp. A. (plate 1, photos 1 & 2, Text-Fig. 1). 
Sterile, bipinnate frond, rachis slender, pinne linear attached to 


the rachis at 60°-70°, pinnules small, touching or almost overlapping 
each other, decurrent, lanceolate, acute or obtuse, veins not preserved. — 


Only one such specimen has been found but as it is poorly preserved, 


specific diagnosis has not been possible.— (418) 


Sphenopteris sp. B. (plate 1, photo 3, Text-Figs. 3 & 4). 
Frond incomplete and badly preserved with a slender rachis. Pinne 


alternate and linear. Pinnules with a narrow base and acute or obtuse 
apex, midrib not seen. Pinnules attached to pinna rachis at about 60°, 


This specimen closely resembles Sphenopteris Fittoni (Seward 1874» 
p. 107, plate 6, Fig. 2) in all essential characters but our specimen is 


about half the size of that figured by Seward (Joc. cit). Specific deter- 
mination is not possible due to bad preservation — ar.) 


Sphenopteris sp. C. (plate 1, photo 4, Text-Fig. 2). . 


Frond incomplete, sterile, bipinnate. Pinne long and linear. Pin- 
nules small, separate from each other or overlapping, oblanceolate, 
entire, apex acute, base contracted, veins obscure. Due to very in- 

eee a. : K27 
complete preservation, identification not possible 


Sphenopteris rotundiloba Saporta (plate 1, photos 5, 6, Text-Fig. 5). 
Frond bi-tripinnate, incomplete and badly preserved ; rachis moder- 
ately thick. Pinnz long and linear, preserved on only one side of the 
rachis. Pinules 5-6 mm. long, linear, lobed, lobes round, incisions not 
very deep, apex rounded ; pinnules attached to the pinna rachis at 70-80°. 
Veins not well preserved but one of them appears to be dividing. The 
present specimen resembles Saporta’s S. rotundiloba in the frond being 
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‘bi-tripinnate, and in the shape of both, the pinne and the pinnules, 
although in my specimen the pinnules are a little smaller. Veins are 


a preserved.— (431) ‘ 


Scleropteris furcata Halle (plate 2, photo 9). 


A single piece of rock was split open, and a large number of fairly 
well preserved impressions of this plant were discovered. 


Frond? tripinnate; the pinna rachises are quite slender, and thus 
may not have been the frond rachises, the frond, therefore, may have 
been tripinnate. No complete frond is preserved. 


Pinne lanceolate, 5 to 6 mm. long, alternate or sub-opposite. Most 
of the pinne are not decurrent but a few are (photo 10), the rachis then 
appears a little expanded. 


Pinnules oblanceolate (Text-Figs. 6 & 7) or sometimes spathulate, 
apex obtuse or narrowly obtuse, sometimes even acute (photo 10). Pin- 
nules free for all their lengths from each other except at the apex of the 
pinne where they are slightly confluent. Veins indistinct and preserved 
in only a very few pinnules. Venation as figured by Halle. 


. The specimen described here differs from Halle’s specimens in the 
following features : (1) the pinna rachis is not quite as stout as figured 
by him (2) the size of the pinnules is smaller (3) the pinnules appear to 
be quite thin ; they are not thick as in Halle’s material (Halle 1913). 


In the following characters : (1) the arrangement of pinne on the 
rachis (2) the shape of the pinne and the pinnules—both simple and 
slightly lobed ones (3) the venation of the pinnules (Text-Fig. 7); the 
form described here closely resembles Halle’s S. furcata described from 
‘the Hope Bay flora of Graham Land regarded as Mid-Jurassic in age. 
(K27) 5 tap ey 
(448) 


Cycadophyta : 

The genus Zamites has been employed here in the restricted sense 
as used by Halle (Halle 1913) who regards the following characters of 
primary importance’: 

-(1) pinne attached to the upper surface of the rachis. 

(2) pinne linear or tapering upwards from near the rachis. 

(3) base of the pinne very little contracted and symmetrical with 
or without callosity. 

All the forms described below contain the characters mentioned 
above and therefore have been grouped under genus Zamites. 


Zamites sp. A. (plate 1, photo 7). 

About 2-5 cm. length of the frond preserved. Pinne linear, apically 
pointed, 1-2 to 1-4 cm. long and about 2 mm. broad, basal callosity 
not present. Veins not visible. The angle of attachment of the pinne 
to the rachis, about 70°. 
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Text-fig. 1. Sphenopteris sp. A. X 6. / 

Text-fig. 2... Sphenopteris sp.C. x 6. > 

Text-figs. 3-4. Sphenopteris sp. B showing variation in the shape of pinnules. x 6. 

Text-fig. 5. Sphenopteris rotundiloba Sap. showing the form of the pinnules and 
also two incompletely preserved veins. x 6. 

Text-figs. 6-7. Scleropteris furcata Halle. xX 6. 

Text-fig. 8. Zamites sp. C showing venation. x 6. : 

Text-fig. 9. Three acicular needles with the basal stalk. x 3, 


The preservation of the specimen is not good, therefore specific 
(K27) 
( 427) . 

Zamites sp. B.. (plate 2, photo 11). Three incomplete specimens 
preserved ; the longest one (not photographed, measures 7 cms.). Pinne 
1-5 cm. long, linear, apex acute, but preserved only in a few of the lower- 
most pinne. Pinne 1-5 to 2 mm. broad ; base not contracted. Veins 
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Zamites sp. C. (plate 2, photos 12 & 13, Text-Fig. 8). 
On splitting specimen K27/448 the two counterparts described 
below were obtained. 


Frond incomplete, about 4 cm. of its length preserved. Pinne 
linear, 1-5 cm. to 2-2 cm. long and about 1 mm. broad, apex acute or 
sometimes very much prolonged.- Veins 7, very slender and parallel, 


identity could not be established.— 


: Syste g! 
in most of the pinne they are obscure. (448) 


Plantae Incertae Sedis 


1. (Plate 1, photo 8). The specimen represents a detached pinna 
from some frond. Pinna linear, 2-1 cm. long, 4mm. broad, base con- 
tracted and incompletely preserved, apex obtuse. Veins parallel, bifur- 
cation of two veins visible a little distance above the base, they are dense, 

_ Strong and twelve in number. 


The preservation of this fragmentary specimen is very imperfect 
therefore any opinion with regard to its real affinity is difficult to pro- 
nounce. However, it closely resembles one of the pinne of Zamites 
Feneonis Brong. (Saporta 1891, pl. 69, Fig. 7), both in the number of 
veins and in its shape and size.— (418) 

2. (Plate 2, photo9). An 8 cms. long impression of a flattened stem 
with numerous parallel ridges and two nodes 4 cms. apart ; width 1-3 
cms. Due to imperfect preservation, affinities doubtful. — 


3. (Plate 2, photo 14, Text-Fig. 9). The specimen consists of three 
acicular structures which are bent at their middle ; their total length 
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is about 1-5 cms. The needles are confluent for about half of their 
length but they separate and diverge beyond that. 

The three needles were probably surrounded by a sheath whose 
remains are not very clear, but a small rod like structure—the tissue 
connecting the needles to the stem—is clearly visible (Text-Fig. 9). 

The affinities of this specimen are not at all clear but it strongiy 
brings to one’s mind the structure of Pinus “needles,” even though 
they differ markedly from this specimen both in length and breadth. 
{Specimen without No.). 


Discussion on the age of the flora 


In 1922 Cotter (See Fox 1930) who reported six well-known plant 
genera from the Loi-an coal field, 3 miles east of Kalaw, held the view 
that the coal-measures were of Jurassic age. In 1930 Fox reported two 
Cretaceous cephalopods from the “‘ Red Beds” of Kalaw, which un- 
conformably overlie the coal-measures and on this as also from Cotter’s 
evidence, gave the coal-measures a Lower Oolitic to Liassic age. 


The shaly matrix bears a large number of imperfectly preserved 
plant impressions but on maceration yields only structureless micro- — 
fossils. Thus in the total absence of microfossil evidence I had to rely 
solely on macrofossils. 

The presence of Scleropteris in this flora is interesting. This genus 
has so far been found only in the Jurassic of France (Saporta 1893) 
and in the Hope Bay flora of Graham Land in the Antarctic (Halle 1913 ; 
Frenguelli 1943), Halle regards the Hope Bay flora to be mid-Jurassic 
in age. 

Sphenopteris rotundiloba Saporta occurs in the Corallian (mid-Oolite) 
of Auxey, France (Saporta 1873-91, Vol. 1). 

Thus the two well defined forms found in this flora though by them- 
selves are not enough to establish any definite proof for the age of the 
beds, yet when coupled with the previous evidence tend to support a 
mid-Jurassic age for the coal-measures. 


The occurrence of Scleropteris furcata Halle, in Burma, further 
extends the known geographical distribution of this fern. 


Summary 


The fossils described in this paper were collected by Mr. V. P. Sondhi 
of the Geological Survey of India, from the coal-measures of the Southern 
Shan States, Burma. On petrological examination of the rocks it was 
found that they are metamorphosed and therefore, though the rocks 
appear to be extremely rich in fossils yet, a careful scrutiny, reveals 
only a few well preserved impressions. On maceration also, the rocks 
yielded only a number of fragmentary, structureless, carbonised pieces. 
No other fossil remains could be found. Neither a piece of cuticle nor 
even a single spore was recovered. 

The genus Scleropteris is for the first time reported from Burma ; 


it is represented by only one species, S. furcata Halle. Sphenopteris 
rotundiloba Sap. is also being reported for the first time from this area. 


Cad 
..¥ 


i - “ ‘ a a \ ; ih . 

220 WA) J2REM LT ANANIBAL RAO: ARS THE NS 

The meagre paleobotanical evidence tends to support a mid-Jurassic 
age for the coal-measures ; as proposed earlier by Cotter in 1922 (Fox 
1930), who described six well defined plant genera from Loi-an coalfield. 

Cotter stated, “‘the age of the coal is therefore Jurassic, but it is 
not yet. possible to state whether it is Lias or Oolite—the fossil flora 
definitely proves the coal-measures to be later than the plateau limestone”’. 
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FOLIAR SCLEREIDS IN THE OLEACE/ 


2. Occurrence of Terminal foliar Sclereids in some species of the genus 
Linocierd Swartz 


T. ANANDA Rao 
M. R. Science Institute, Gujarat College, Ahmedabad 


(Received for publication on February 6, 1950). 


Recent studies of Foster (1946, 1947) and Subramanyam and Rao 
(1949) have revealed the existence of terminal and sub-terminal sclereids 
in the leaves of many dicotyledons. Solereder (1908) long ago recorded 
the occurrence of sclerenchymatous fibres and spicular cells in the genus 
Linociera, but in spite of the passing of more than forty years these 
observations have not been followed up and the prevailingly terminal 
position of the sclereids has not been noticed. In the present paper 
the author gives an account of the distribution and types of sclereids 
found in the leaves of six species of Linociera, namely Linociera 
courtallensis Bourd, L. intermedia Wight., L. zeylanica Gamble, L- 
malabarica Wall, L. macrophylla Wall, and L. wightii Clarke. 
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The riaftat of these, was secured from. the different herbaria in 
Frida. The herbarium leaf specimens were cleared and permanent 
mounts of the sclereids were made following the method outlined pre- 
viously by Subramanyam and Rao (1949). In addition to the cleared 
mounts some of the sclereid preparations were also stained with safranin 
to bring out some of the structures in more detail. 


Distribution of Sclereids in the lamina 


In all the six species of Linociera under investigation the sclereids 
are present in great abundance within the mesophyll. The important 
feature worthy of note is that they are more or less closely associated 
with the veinlets. Microscopic examination reveals that the sclereids 
are mostly terminal or sub-terminal and very rarely they are diffused in 
their distribution. In two species of Linociera, L. macrophylla and L. 
intermedia, the sclereids are distributed in such a way that they appear 
to connect the base of the peltate glands and the vascular bundles in the 
leaves. While no studies have been carried out to find out the function 
of these glands (which may prove to be of the nature of water absorbing 
glands), the bridging up of the base of peltate glands and the vascular 
bundles by the sclereids (which in the early stages are thin walled and 
possess protoplasmic ccentents) is significant. 


Sclereid types 
As regards their shape, the sclereids fall into two types : 


(1) Ophiuroid or filiform sclereids with or without a tendency to 
fork ; 


(II) Sclereids exhibiting polymorphic ‘ cell forms ’. 
The salient characters of these two types are as follows : 


TYPE I.—The sclereids in this type are all ophiuroid and filiform 
with fusoid ends and a narrow lumen of uniform width. The cell wall 
is homogenous, non-stratified and free from pits. This type of sclereid 
is present in Linociera courtallensis, L. zeylanica, L. wightii and L. 
malabarica. Such cell forms are also reported in species of Olea (Rao, 
1948) and Memecylon (Subramanyam and Rao, 1949). The sclereids 
distributed within the lamina of the above mentioned species of Linociera 
present a strong resemblance to that of Memecylon species (Subramanyam 
and Rao, 1949) in that they run in criss-cross manner within the mesophyll. 


Based on the mode of branching three form-variations can be 
distinguished within this type : 


(1) The sclereids are unbranched with fusoid ends, elongated 
and massive or filiform as seen in Linociera courtallensis, 
L. wightii, L. malabarica and L. zeylanica. 

(2) The filiform sclereids show a tendency to fork at the apex. 

(3) The cell forms under this category show a tendency to 
dichotomise. This type is of very rare occurrence and has 


been observed sparingly in L. courtallensis, but more often in 
L. zeylanica. 
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Figs. 1 to 13. Polymorphic Sclereids of L. macrophylla. x 143. 
Fig. 14. _ Trans-section of the lamina of L. macrophylla showing the disposition 
, of the sclereid connecting the base of the peltate gland and 
the veinlet. -x 143. i ; ; 
Figs. 15 to 19, Polymorphic sclereids of L. intermedia showing clear lamellations and 
wide lumen. x 143. 
The arrows indicate the probable lines of sclereid modifications from 
the simple type. 


Fig. 20. Trans-section of the lamina of ZL. macrophylla showing non-terminal 
and sub-terminal sclereids. x 253. ' 


TYPE I.—Osteo-sclereids or fusiform sclereids—A brief account 
of the general characters of the osteo-sclereids has already been given in a 
previous paper (Subramanyam and Rao, 1949). The sclereids under this 
type exhibit polymorphic cell-forms. This is seen in Linociera macrophylla 
and L. intermedia. They are usually terminal or sub-terminal and rarely 
diffuse. The diffuse sclereids show a tendency to develop more towards 
the veins. When we consider the distribution of the  sclereids 
within the mesophyll they are found to be uniformly well developed within 
the lamina in Linociera macrophylla, while in L. intermedia they are 
chiefly restricted to the region adjacent to the midrib. In a trans-section 
of the leaf of Linociera macrophylla the sclereids are disposed in the form 
of idioblasts in the palisade region (Fig. 20). The cell wall of the mature 
sclereids exhibits lamellations with slender pit canals, which are 
unbranched but curved or oblique. The same feature is reported in 
Memecylon lushingtonii Gamble (Subramanyam and Rao, 1949). 


The sclereids of Linociera macrophylla show a good deal of form 
variations. All the variations can be traced back to the sclereids possess- 
ing fusoid ends (Figs. 1 and 7a). These sclereids exhibit two distinct 
lines of cell modification. Along one line there is dichotomy or 
trichotomy at one end resulting in the formation of a pillar-like body with 
slender fusoid branches (Figs. 2 to 6 and 8 to 13). Along the other 
line the sclereids are unbranched but bent in various ways (Fig. 7b). 


The sclereids in Linociera intermedia are confined to the region 
in close proximity to the midrib. All the cell forms show a strong 
tendency to throw more plug-like branches from one end, while the other 
end remains fusoid or cylindrical (Figs. 15 to 19). The sclereids show a 
broad lumen and clear stratifications in the cell wall. 


Summary 


The present study has revealed the existence of terminal foliar 
sclereids in six species of Linociera, which from their shape can be distin- 
guished into two types, ophiuroid and fusiform sclereids. 


The disposition of sclereids in Linociera macrophylla and L. intermedia 
abutting on one side on the vascular column and on the other the base 
of the peltate gland needs to be studied further to throw more light on the 
possible physiological role played by these foliar sclereids in addition to 
their being structures of mechanical importance. 
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The writer is indebted to Dr. M. J. Thirumalachar for his criticism 
and valuable assistance at several stages during the course of the investi- 
gation and Prof. R. N. Sutaria and Dr. F. R. Bharucha for kind 
encouragement. My thanks are also due to Sri S. N. Chandrasekharan, 
Systematic Botanist, Coimbatore, for lending leaf-specimens. 
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ZERIAL ROOTS IN SOME TROPICAL 
RAIN FOREST PLANTS. 


T. ANANDA Rao, H. C. GOvINDU AND M. J. THIRUMALACHAR 
Central College, Bangalore. 


(Received for publication on December 6, 1949). 


During the course of collections of flowering plantsin Sacuscpaeate 
Mysore, the writers noticed several instances of plants developing erial 
roots. Kemmangandi is situated at an altitude of 4,869 ft. and has an 
annual rainfall of about 89 inches. The dense vegetation of the place 
is characteristic of the other hilltops of Mysore, with large sholas composed 
of a mixture of subtropical and subtemperate plants. The trees are all 
overgrown with moss and other epiphytes and in several species zrial 
roots were seen to develop from the branches as prop roots. 


Trema_ orientalis (Ulmacee) is a medium sized tree distributed 
‘sparsely in the sholas and is a component of the second tier of vegetation. 
Some of the trees that were growing in densely shaded regions in con- 
sequence of the overgrowing of the larger trees, showed interesting 
features. The branches instead of being erect were horizontal and 
growing parallel to the ground surface. At a height of 6-10 feet from 
the ground numerous zrial roots were formed (Fig. 4). Several of these 
had reached the ground giving support to the trees as prop roots as in 
species of Ficus. 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Aerial roots in Pogostemon pubescens. 

Aerial roots in Gymnostachyum latifolium. 

Aerial roots of Vernonia monosis. 

Aerial roots of Trema orientalis, 

Part of T. S. of an aerial root of Vernonia monosis. 
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Sections through the erial roots revealed the differentiation of a 
large band of sclerenchyma in the cortex, serving as mechanical tissue. 
It is evident from their anatomical structure that they serve as mechanical 
supports for the branches growing at unusual angles in search of light, 


Pogostemon pubescens (Labiate) is a small aromatic shrub growing 
upto a height of 3-5 ft. In several of the plants that were examined, 
numerous erial roots had developed on the erial stem up to one foot 
above ground. These were massive, branched several times, and on 
reaching the ground gave firm anchorage to the plant, like guy wires 
(Fig. 1). The anatomical structure of the root indicated no peculiarities 
except for well developed mechanical tissues. These erial roots are 
comparable with the stilt roots present in species of Pandanus. 

Gymnostachyum cal (Acanthacez) is a small sized shrub. The 
plants are mostly found growing at the top of steep slopes descending 
down to the shola. For the most part, these plants were exposed to 
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heavy winds and rain, since there are very few trees that overgrow them 
and serve as wind brakes. The plants develop numerous erial roots 
from the nodes and internodes which in due course become strong and 
massive. On reaching the ground, they give firm fixation to the plants, 
thus serving as prop roots (Fig. 2). 


Transverse sections through the roots indicated some interesting 
features. In old roots, the sclerenchyma is well developed and it is 
evident that the roots chiefly give firm anchorage to the plants. In 
sections through young roots, there was an outermost piliferous layer, 
developing small root hairs. Considering the high humidity prevalent 
in the sholas for a large part of the year, these root hairs may serve to 
absorb the condensed moisture. 


Vernonia monosis (Composite) is a small showy tree growing in the 
sholas. In a single tree growing near the Dhupadagiri Shola, Kemman- 
gandi, several interesting features were noticed. The tree was growing 
by the side of a hill stream, and was densely overgrown by lofty trees. 
The place was typical of the interior of a tropical rain forest, with very 
poor light and a moisture saturated atmosphere. The Vernonia tree 
in question had developed numerous greenish-white zrial roots on the 
branches, which were 2-4 ft. in length (Fig. 3). On examination, these 
were seen to be flaccid and showed no indication of mechanical rigidity 
even in later stages. 

The anatomy of the zrial roots showed the occurrence of a large 
cortex and a central stele. The mature shoot showed some lamellated 
layers of cork cells. The younger portions of the roots possessed a 
well developed piliferous layer developing root hairs. These evidently 
help in absorbing the condensed moisture on the root surface. As 
the roots become older, the root hairs do not drop out, but persist and 
become brown and thick walled. Similar instances have been noticed 
by Thirumalachar, Swamy, and Khan (1942) in Heptapleurum venulosum, 
and by Mullan ( 1940) in Chlorophytum tuberosum. 

The cortical cells adjoining the piliferous layer as well as those 
towards the interior have lamellated walls which are pitted (Fig. 5). 
The cells of the cortex in the young roots are in a collapsed state in dry 
weather, but straighten up whenever provided with moisture, thus simu- 
lating the bellows-like action of the epidermal cells in some xerophytes. 
Vernonia monosis, therefore, under certain conditions, develops water 
absorbing erial roots like those of some of the epiphytes. 


The writers wish to acknowledge their indebtedness to Dr. L. N. 
Rao for kind encouragement in the investigation. 
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With the death of Dr. ear Chand Mehta: Ph.D., Sc.D. (Cantab), 
F.N.I., Professor of Botany and Principal, Agra College,” Agra, India 
has lost one of her distinguished botanists and an outstanding authority 
on cereal rusts. Following only a year after the unexpected demise of 
Professor Birbal Sahni, it is a loss the country will find hard to bear. 


Prof. Mehta was born at Amritsar, Punjab, on the 20th of June, 
1892. After passing the Matriculation Examination in 1907, from 
Government High School, Amritsar, he joined Government College, 
Lahore, where he studied ‘botany under Professor Shiv Ram Kashyap, 
the foremost Indian botanist of his time. He took his M.Sc. in 1914, 
and was awarded the Arnold Medal for standing first. Next year, he - 
joined Agra College, Agra as Assistant Professor of Botany and remained 
there right upto the end of his life. He was promoted to Professorship 
of Botany in 1923 and rose to the office of the Principal of the College 
in 1945. In 1944, he was elected Dean of the Faculty of Science of Agra 
University. He was a member of the Governing Body of the Birbal 
Sahni Institute of Paleobotany and a member of the Plant Pathology 
parce eg and Food Grains Policy Committee of the Government of 
India 

Following the important contributions by Butler, and Butler and 
Hayman in 1906, the wheat-rust problem of India remained neglected 
for several years. Dr. Mehta had an opportunity in 1916 of working for. 
a short time with Dr. Butler at Pusa and decided to undertake further 
investigations in this field. He worked for some time on the rust of 
Launea, but finding facilities in the country very inadequate, he proceeded 
in 1920 to Cambridge to work under the guidance of Prof. F. T. Brooks, 


» then Reader in the Botany School. He carried out comprehensive studies 


on cereal rusts, particularly on their physiological aspects and was awarded 
the Degree of Ph.D. in 1922. 

On his return from Cambridge, Dr. Mehta devoted all his spare time 
and vacations to the investigation of the rusts of wheat and barley, 
unaided by men or money and at considerable personal expense. He 
continued to work thus for several years. In April 1930, however, the 
Indian Council of Agricultural Research came to his aid with a handsome 
grant and under his guidance the cereal rusts of India were studied 
from all aspects at the Rust Research Laboratories, Agra and Simla. 
It is no exaggeration to say that whatever information we now possess 
on the epidemiology of wheat and barley rusts in the country, we owe 
largely to the pioneer work carried out by him. 


Prof. Mehta presided over the Botany Section of the Indian Science 
Congress which met at Madras in 1929 and delivered a very challenging 
address on “The Annual Recurrence of Rusts of Wheat in India” 


_ In 1930, he was invited by the International Botanical Congress, Cam- 


bridge, to take part in the discussion on “‘ The dissemination of Cereal 
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Rusts”. In 1940, the Indian Council of Agricultural Research published 
a monograph on cereal rusts written by him and in 1943, the University 
of Cambridge awarded him their highest distinction of the Sc.D. Degree. 
Another monograph by him dealing with the dissemination of rusts is - 
in the press. This according to Professor F. T. Brooks, “is a most 
notable work, and nothing comparable to it has been produced in any 
country where cereal rusts have been studied intensively. The detailed 
study of wind trajectories in relation to spore showers and rust outbreaks 
is unique and is of great scientific and practical value.” 


Prof. Mehta was one of the Foundation Fellows of the National 
Institute of Sciences of India, a Fellow of the National Academy, Allaha- 
bad, and the Indian Academy of Sciences, Bangalore, President of the 
Indian Botanical Society for 1939, and a Charter member and Vice- 
President. of the Indian Phytopathological ‘Society. He was awarded 
the Barclay Memorial Medal by the Asiatic Society of Bengal in 1948. 
In 1949, he was invited to deliver the 11th Acharya Jagadish Chandra 
Bose Memorial Lecture on the occasion of the 32nd anniversary of the 
Foundation of the Bose Institute, Calcutta, where he spoke on “‘ Control 
of rust epidemics of wheat in India—a national emergency ”’. 


Ever since he started investigations on cereal rusts in 1923, Dr. Mehta 
threw himself heart and soul in finding measures to control the rust 
epidemics in India, a problem which had baffled Butler. There was no 
Sunday or holiday for him. Every summer vacation he would journey 
to the hills and work at his Simla Laboratory. He worked with a 
missionary zeal, knowing no rest nor giving any to his associates. 


As remarked by Sir John Russel, ‘“‘He wisely kept to one problem, 
and so was able to make much more progress than if he had scattered his 
energies in several directions.” As a result of his researches extending . 
over a period of 27 years, he recommended certain simple measures for 
controlling wheat rusts in India. These were approved by some of the 
foremost plant pathologists of other countries, but became a subject of * 
much controversy in India and have not been fully implemented so far. 
However, following the severe rust outbreak in 1946-47, the Government 
of India constituted a Rust Control Committee to examine the whole 
position and make recommendations. The Committee decided to try 
Dr. Mehta’s methods on a small scale in Peninsular India, but he was not 
satisfied with the arrangements. His manifold duties as Principal of a 
big College, as a Dean of a large Faculty and the rust research put a 
heavy strain on his health during the last ten years, but ignoring the 
advice of his physicians and friends, he continued to overwork. He had 
a serious intestinal hemorrhage in April, 1949, and was advised complete 
rest. However, paying no heed to his personal comfort or safety, he 
went again early this year to South India, to personally supervise rust 
control measures. The tour proved too strenuous for his age and health 
and he had another attack of intestinal hemorrhage soon after his return. 

‘His indomitable will and the personal attention of his wife and doctors, 
son and daughter pulled him through, but unfortunately he could not 
survive long. He had yet another attack, from which he could not 
recover. He passed away on April 8, 1950, leaving behind his devoted 
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_ wife, a son, three daughters and a host of friends and pupils to mourn 


his loss. 
Dr. Mehta was a strict disciplinarian and his students regarded him 


_ with a mixture of love, awe and respect. Unsparing of himself, he 


expected both from the colleagues and students the highest degree of 
efficiency. He was a dreamer of a rust-free India and to that end he 
dedicated his life. It is our misfortune that he did not live long to see 


- his dream realised. 


RP. 


PHOTOSTAT SERVICE UNIT AT THE CENTRAL 
RESEARCH INSTITUTE, KASAULI 


The Indian Council of Medical Research have microfilm service units at the Central 
Research Institute, Kasauli and at the Tata Memorial Hospital, Bombay. The 
microfilm service has now been augmented by the setting up of a Photostat Service 
Unit at the Central Research Institute, Kasauli. This Unit can supply photostat copies 
_of articles from medical and scientific publications available at any of the libraries in 
India. The photostat copies can be read as easily as any printed matter and do not 
require any special equipment for the purpose. The photostat service is extended 
to all those who are desirous of availing it. 


The rates for this service are: 


Up to II” x 6’ Rs. 0-6-0 per page per copy 
Up to 17” x Il’ Rs. 0-9-0 per page per copy 
Up to 23” x 17’ Rs. |-2-0 per page per copy 


Packing and postage charges will be extra. 
All requests for photo-copying should be addressed to: 


The Officer-in-Charge, 
I.C.M.R., MICROFILM SERVICE UNIT, 
CENTRAL RESEARCH INSTITUTE, 
KASAULI. 


Requisitions for photo-stat copies should be marked “‘ PHOTOSTAT SERVICE” in 
block letters, to avoid any confusion with requests for microfilming work. 
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